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1. Introduction

Pacific International Engineering, PLLC at the resfuof, and in coordination
with Pacific County and the Coastal CommunitieSofithwest Washington is
evaluating alternatives that will assist the Couartg the US Army Engineer
District, Portland, to develop and implement a rsnategy for the Corps of
Engineers dredging and dredged material dispoghkd¥louth of Columbia

River (MCR). The alternatives seek to optimize okthe dredged material for
the nourishment of the littoral system of the Wagton Coast to the north of
MCR. The technical approach of the project waldonsistent with and meet the
standards of the US Army Corps of Engineers RegiSadiment Management
Strategy (RSM) in providing information that assisbastal management to make
effective use of littoral (and estuarine) sedinresburces in an environmentally
sound and economic manner over a broad scale.

An earlier phase of the project identified the tachl feasibility of pumping
sediment from a hopper dredge across the northgato Benson Beach where it
could provide a benefit by returning sediment diyeto the littoral system and
also offer protection to the north side of the hqgetty which has become more
vulnerable to wave attack as a result of erosioRazfcock Spit. A modification
to this approach involves development of a sunthémorth jetty area into which
hopper dredges could efficiently dispose of sedimehile at other times a
pipeline dredge could be used to clear the sumpeshéindle the sediment to
place it in the surf zone on Benson Beach. Enwiremtal permitting
considerations and exposed ocean conditions redtadging and disposal
operations to summer months (approximately mid Jareugh September).

As part of this evaluation, Pacific Internationaldgineering, PLLC has collected
field measurements of waves and currents in thaityoof the north jetty during
the dredging season. The measurements will pra@sdential data to assist in the
evaluation of the potential constraints, effects] anpacts of waves and currents
on pipeline dredge operations in this area, angbdtential for disruption and
disequilibrium of the tidal hydraulics and sedimdghamics by dredging the
sump. A second objective of the measurementspsade information to verify
waves, current, and transport numerical modelsebyeadvancing their value as
design tools to aid in the evaluation of alterrediv

This report provides a description and analysitefcoastal processes in the
vicinity of the north jetty at MCR based on theeetfield measurement program.

2. Field Measurement Program Overview

Field measurements of waves, currents and seditrargport are needed to
characterize the wave and current climate in topgsed dredged material re-
handling area and to determine the technical fdagibf a dredged sediment re-
handling operation. Direct measurements of therattions and relative
importance of hydraulic forcing mechanisms and @dgsocesses in the dredged
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material re-handling area provide the data requwedalibration and verification
of circulation models and a sediment transport rhofithe area.

A field program was conducted between July ande®apéer 2003 to collect
measurements of waves, tides, currents, and setltraesport in the vicinity of
the proposed dredged sediment re-handling arelaeosouth side of north jetty at
MCR. The objectives of the field measurement paogare as follows:

» characterize the spatial and temporal variatiowiofl-, wave- and tide-
induced currents in the area during the summer Insoftihe period in
which the sediment rehandling operation would bk

* characterize the wave climate in the proposed prajea by direct
measurements of directional wave spectra (amplitindguency direction
distributions); only limited data are availablerfrgrevious deployments
for verification of 2D wave models; a number of artainties arise in
predicting wave heights in the MCR area based tshofe wave
measurements (such as CDIP buoy) because of sh¢eymietry
gradients, presence of the jetties, and riverititeractions with incoming
waves;

» characterize the potential sediment transport ¢mmdi during the
dredging season in the proposed sump area by ne@asot and analysis
of the near bottom velocity field induced by comdadnvaves and currents.

The 2003 field program consisted of the followirggmponents:

1. Point measurements of directional waves, cusrantl near bottom
sediment transport;

2. Roving current transect measurements near jeityhcombined with
hydrographic survey of bathymetry.

Point Measurements of Waves, Currents, and Sedim  ent Transport

Point measurements of waves, currents and neambatdiment transport were
acquired at three stations on the south side @ghnetty between 25 July and 18
September 2003. The instruments were recoveredeaddployed on 21 August
2003 to service the instruments and download ddtave data were also
recorded at the National Data Buoy Center direaliovave buoy (46029),
operated by the National Oceanic and AtmospherimiAdctration (NOAA), and
located approximately 18 nautical miles from noetity in a water depth of 128
m (420 ft).

Figure 1 shows the location of the point measurersgtions in relation to the
north jetty and MCR. Station coordinates are givemhable 1. Station 1 was at
the same location as the north jetty wave measurestation in 2002 and 2000
(PI Engineering, 2003). All stations were equippetth SonTek Hydra
directional wave gauge consisting of Acoustic DeppMelocimeter (ADV), high
resolution pressure transducer (Druck or Paros)tan D & A Instruments
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Optical Backscatterance Sensors (OBS-3). Staficrsd 3 also had a SonTek
Acoustic Doppler Profiler (ADP) for measurementafrent profiles. Station 2
was equipped with an RD Instruments Acoustic Dap@lerrent Profiler (ADCP)
for measurement of directional waves and curreofilps. Table 2 is a summary
of the instruments deployed and the sampling pobtior each station. Figures 2
through 5 show the configuration of instrumentsanh of the stations.
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Table 1 Tripod Deployment and Retrieval Locations

SRS Position - S
tation | Deployment ime .3 | Retrieval
ID Date ) | UTC JlevEien Date
Latitude Longitude* Easting” Northing®
1 07/25/03 'N46°16'31.6" W124°03' 6.8" 1099502 971063 -30 08/21/03
2 07/25/03 'N46°16' 01.8" 1W124°03'54.5" 11098826 968077 -30
3 07/25/03 'N46°16' 02.1" :W124°03' 17.4" 11101433 967992 -30
! Referred to North American Datum of 1983 — WGS84.
! Referred to North American Datum of 1927 — Oregon North (in feet).
? In feet referred to mean lower low water (milw).
Table 2 Instruments and Sampling
. Sampling
Station  Instrument Data Type Burst Interval ~ Burst Duration Frequency Samples
(sec) (sec) (H2) per Burst
1 SonTek Directional 3600 2048 4 8192
Hydra waves/Depth
Druck 3D Velocity
ADVO SSC
OBS-3
SonTek Non- 3600 2048 2 4096
ADP Directional
Paros waves/Depth 600 180 1,500,000
3D Velocity
profile
2 iSonTek Directional 3600 2048 4 8192
Hydra waves/Depth
Paros 3D Velocity
ADVO SSC
OBS-3
RD Directional 3600 1200 2 2400
Instruments waves/Depth
ADCP 3D Velocity 1360 600,000 180
Profile
3  SonTek Directional 3600 2048 4 8192
Hydra waves/Depth
Paros 3D Velocity
ADVO SSC
OBS-3
SonTek Non- 3600 2048 2 4096
ADP Directional
Druck waves/Depth 600 180 1,500,000
3D Velocity
profile
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3.1. Data Processing and Quality Checks

A visual data quality check was performed on ravditdydata using
Sontek ViewHydra software. Data were extractethfraw data files
using SonTek Hydra extraction software and writeASCII time series,
header and control files. All remaining processang post-processing
was accomplished using in-house Pl Engineeringvsoét following
standard analytical procedure for calculating dioe@l wave parameters
(e.g. Earle et al., 1995).

Optical backscatterance sensors (OBS-3) deploytdtie Hydra systems
were calibrated for suspended sediment concemntragmg coefficients
determined in the laboratory. OBS-3 signals acensed by the Hydra
system in “counts” ranging from 100 to 65,000, whioust be converted
to the desired units during post processing. Caiibns were performed
in a turbidity chamber following the specificatiorecommended by the
manufacturer. Instrument gains were set priorgf@layment using tap
water (minimum) and 800 ntu Formazin standard smiutmaximum).
OBS-3 deployed were calibrated over a range ofB4tg/l range at five
concentrations (2 g/l, 4 g/l, 8 g/l, 16 g/l andg$} with sediment from a
grab sample obtained near Station 1.

Acoustic Doppler
Acoustic Doppler Profiling Velocimeter (ADV)

Current Meter (ADP) Paroscientific

Pressure Sensor

Sediment Trap

v . N oy
ADV Sampling Volume Turbity Sensors(OBS)
Figure 2 Tripod instrument configuration and nomi nal
dimensions
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Figure 4 Wave and current monitoring Station 2
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Figure 5 Wave and current monitoring Station 3

3.2. Roving Current Transect Measurements and Bathy = metry Survey

Currents were measured along transects from a mogssel to
characterize the spatial variation in circulationth of north jetty during
flood and ebb tides on August 12 and 13, 2003 htHgnsects of 600 m
to 1500 m in length were run between the nortly getid the navigation
channel (Figure 6). Current and depth data welfeated on two separate
data acquisition systems, each with simultaneosgipo and time input
from a single Differential Global Positioning Syst¢DGPS) receiver.
Typically, one series of eight transects was ctéigén 1.5 hours. Nine
series of transects were collected over a 30-hetiog. The transects
were collected over a low tide to low tide on 2 secutive days.

Current transect data were initially processed WiliP manufacturer's
software to correct for vessel movement using AD&dm track or
DGPS-derived vessel velocity. Data quality filkgriwas performed to
remove velocity measurements with low signal-tcseaitios. The
resultant speed and direction data were horizgnsatioothed using a 5 or
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Figure 6

7-point Gaussian filter (profile averaging) andtieaily smoothed using a
3-point Gaussian filter (cell averaging). Thisdring helps to minimize
some of the uncorrected high-frequency velocitgraresulting from
vessel heave, pitch, roll and rapid turning. Deptieasured
simultaneously with current data were correctedgiai water surface
elevation time series to produce bottom elevatreferenced to datum.

Spikes in depth data and noise in the digital dejpth were cross-

referenced to paper echosounder records and eusmkaba were either

smoothed or deleted. Current profile speed arettian were merged

with bottom elevation data to produce cross-seatipiots of speed and
direction relative to distance along the plannadgect line.

Vertical speed profiles were depth-averaged from delow the water
surface to 0.5m above bottom. Current directios firat multiplied by
the current speed and then averaged to obtaineal speighted depth-
averaged current direction. Depth-averaged spegdlia@ction vectors
were then scaled and plotted as plan-view vectegglaid on a chart of
the study area.
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Roving ADP and bathymetry survey transects

ADP transects 8 transects with total length of appnately 15,000 ft
(4500 m) and transect spacing of 1500 ft.

25 bathymetry transects were surveyed with spaafia@O ft on 13
August 2003. The depth measurements were qualggked and
incorporated with survey data collected by the UBnACorps of
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Engineers to generate a high resolution digitalalen model (DEM). A
3-dimensional projection of the DEM is includedAppendix A.

4. Results
4.1. Waves
4.1.1. Wave Measurements at Columbia River Bar

Measurements of significant wave heigHt)( peak periodTy),
average periodT,), and peak wave directioD(R) from the
directional wave gauge at the Columbia River BEbBC 46029)
were compiled and analyzed. The inter-relationsteveerts
andT, is relevant to a dredged sediment re-handlingatjwer
because the potential for unsafe operating comditdepends on
the wave height and period at the site. [DHie of waves is a
factor controlling wave height at the site becanfsthe sheltering
effects of the north jetty. The variations andhtie in deep-water
waves also influence the dynamics of the MCR extarea by
modifying current patterns and through the entrantand
transport of bottom sediment. A joidt - T, distribution for alll
waves measured at the buoy between 5 Septemberb@9%l
August 2003 (the time period for which directionaserements
are available) is shown in Figure 6. The jointrilisition shows
thatHs up to 11 m and, up to 22 sec can occur in deep water at
MCR. However, most of the timelsis less than 3 m with
corresponding, between 8 and 12 sec. The longest period waves
correlate withHsof 2 to 3 m while the highest waves correlate with
somewhat shorter periods. Similar joint distribog for the
summer dredging season (July — September) areladson in
Figure 6.

Time series of monthly statistics df, T,, andDIR for the period
1984 to 1987 and 1991 to 2003 measured at NDBC31602
shown in Figure 7. There is a strong seasonatiani in the wave
climate of the eastern north Pacific (e.g. Allad &womar, 2002;
Osborne, 2003) and this pattern is evident in thiessical plots
shown in Figure 7 and in the joiHt - Ty, distributions in Figure 6.
Monthly averages is a minimum (less than 1.5 m) during July
and August compared with a winter maximum (mora tBan)
during November through January. Wave periodbétsha
similar seasonal variation to wave height, avergdgss than 10
sec in summer and increasing to more than 12 semier. There
is also a marked seasonal variatioifr, with summer waves
predominately from the northwest and west-northwdste winter
storm waves mostly originate from the west-southaes
southwest.
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Inter-annual variations in monthlys measured at NDBC 46029
for summer months over the past three years amershoFigure
8. The inter-annual variations ki over the last several years
have generally been within 10 percent of the l@rgataverages
for those months. The maximury measured at NDBC 46029
during the summer dredging season (July througheBdyer) for
the period 1995 to 2003 is 6.6 m with correspondingf 17.4 sec
occurring on September 27, 1997. The average sustoren for
this interval has a maximuis of 4.5 m withT, of 12.7 sec, and
DIR of 268 deg.
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Figure 7 Joint Hs - T, distributions showing hours of occurrence for wave S
measured at NDBC 46029 between 1995 and 2003. Top Left: all waves
from all directions; Top Right: Summer waves from all directions;
Bottom Left: Summer waves from 180 to 270 deg; Bo  ttom Right:
Summer Waves from 270 to 360 deg.
4.1.2. Waves at North Jetty
Waves reaching the project area to the south @hnetty from the
Pacific Ocean are subject to shoaling, refractamd diffraction by
changes in bathymetry both outside and inside tG&Mntrance,
by interaction with tidal currents in the entranaed by interaction
with structures including the north jetty and jefty
10 2003 Field Monitoring Report




NDBC 46029
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Figure 8 Monthly statistics of Hs, T, , DIR measured at NDBC 46029 for the period 1984 to 198 7 and 1991 to 2003
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NDBC 46029

1984/03/28 - 1987/01/31 and 1991/10/09 -2003/09/30
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Figure 9 Inter-annual variation in monthly  Hjs statistics for July through

September measured at NDBC 46029

A time series of wave spectra (water surface vadgatensity as a
function of frequency) measured at Station 2 (RIDIGP)
between July 25 and September 18, 2003 is showigure 10.
The spectra reveal a gradual increase in specteagjg over time
between July and September with peak energy oocpimithe 8-
12 sec range. There is a diurnal and semi-diumalulation of
the spectral energy in the time series that cdaeghith tidal
variations in both local water depth and currenwvall as a longer
term variation associated with wind forcing (andvevtaeight).
The spectra become broader and more intense dunagforced
wave conditions. The tidal variations in wavesfaréher
illustrated in Figure 11 which shows a short tiregess ofHs and
depth measured at Station B increases during the falling tide
(ebb currents and decreasing water depth) reaghmgximum
just prior to low tide and decreases on a risidg (flood currents

12
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and increasing depth) reaching a minimum at apprately high
tide.

Locally, wave spectra are also influenced by wawecture
interactions that include refraction, diffracti@nd reflection. A
typical directional spectrum measured by the RDIGKDat Station
2 is shown in Figure 12. In this case, incidemtarece is broadly
distributed between approximately 180 and 270 digg awell-
defined peak in wave direction occurring at apprately 247
deg. Variance is also broadly spread in frequepagce withl,
occurring at 10.6 sec. A smaller but significa@al in wave
energy is also evident at the same peak frequentlyeaincident
waves but approaching from approximately 50 delgis T
secondary peak is interpreted as reflected waveygriieom jetty
A to the east of Station 2. TI#R measured concurrently at
NDBC 46029 with the spectrum shown in Figure 12 @&4 deg,
indicating that the incident waves have turned exiprately 30
deg to a southwesterly approach by the time theyeainside the
entrance to MCR at Station 2. This rotation isseal by
diffraction of the waves on the tip of north je#tyd by refraction
of the waves as they propagate along the jettyaanoks the
entrance bathymetry.

Time series of wave parameters measured at Statloming the
entire summer 2003 deployment are shown in Fig8reThe time
series shown in Figure 13 compare wave paramegdesndined
with the SonTek Hydra directional wave gauge amdRD
Instruments directional wave gauge. The time sendicate a
reasonable level of agreement between the diffe@ntces of
wave data. The RDI estimatestbfare 11.3 percent higher on
average than the corresponding Hydra estimatesdibcrepancy
is most likely mainly attributable to errors in tberrection of
attenuation of the pressure velocity measuremeiitsee RDI wave
gauge uses four independent estimates of surfagat&n; the
results are therefore considered to be more rdbastthe bottom
mountedp,u,v estimates from the Hydra. The RDI estimate$,pf
are approximately 16.8 percent lower than the Hgdtanates
while the RDI estimates @IR are 17.5 percent higher than the
Hydra estimates.

Time series oHs andDIR measured at Stations 1, 2, and 3 near
north jetty and at NDBC 46029 between July 25 agpt&nber
18, 2003 are shown in Figure 14. There is a quiadé correlation
between the measurements at all four locations théHargest
waves occurring in deep water at the NDBC buoy and
progressively smaller waves occurring at Statigrid@nd 1 in the
MCR entrance. Larger waves occur at Station 3ivelao Station
2 because Station 3 is located slightly furthettisoaway from the
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protection of the north jetty, and therefore motpased to the
Pacific Ocean swell. Time seriesiR are less well correlated
between NDBC 46029 and Stations 2 and 3 althougyte tis
generally good agreement between Stations 2 amiR.
measured at NDBC 46029 is generally larger (mortéhedy
approach) than at Stations 2 and 3 except whensagvaroach
from angles south of 260 deg, in which caseDhRin the
entrance is closer to the offsh@&R. This suggests that the
waves approaching from north of 260 deg are matlifie
significantly by refraction and diffraction at therth jetty and by
bottom topography in the entrance. The time seoadirm that in
summer, waves are predominately from north of waeud,
therefore the north jetty shelters the area imnmelyigouth of the
jetty resulting in both a change in wave direction a significant
reduction in wave height.

14
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Figure 10 Wave spectrum time series for Station 2~ from July 25 through September 18, 2003
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Figure 12 Directional spectrum measured at Statio  n 2 for September 10,
2003 at 21:00 UTC
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Time series of water depth, wave height,  wave direction and wave
period measured at Station 2 by the RDI ADCP and th e SonTek
Hydra systems
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Time series of Hs and DIR measured at Stations 1, 2, and 3 near
north jetty and at NDBC 46029 between July 25 and S  eptember 18,
2003

Figure 15 shows wave height distributions measatestation 1
and NDBC 46029 between July and September for 2Z200IE,
and 2003. The wave height distributions indichsgs is less
than 0.5 m (1.6 ft) at Station 1 more than 50 p#roéthe time
wheread; is greater than 1 m (3.3 ft) more than 90 peroétiie
time in deep water at NDBC 46029. Wave heightithistions at
Station 1 are similar for three years of measurerf2600, 2002,
and 2003).

Figure 16 shows wave height exceedance curvebhdahtee
stations south of north jetty and NDBC 46029 fanswer month
measurements in 2003. Summer month measuremer8tatmn

1 are also shown for 2000 and 20®2; has exceeded 1 m (3.3 ft
less than 5 percent of the time at Station 1 duesngh of 2000,
2002, and 2003 summer dredging seasdrdsexceeds 1 m (3.3 ft)
less than 50 percent of the time at Stations 23amahd almost 90
percent of the time at NDBC 46029 during the 2008mer
dredging season.

18
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Figure 15 Wave height distributions between July an  d September at
Station 1 (2000, 2002, and 2003) compared with NDBC
46029 for the same period

Mouth of Columbia River - Station 1 (North Jetty)
Wave Height Exceedance Curve

‘—0— Stn 1 2000 —=—Stn 1 2002 Stn 1 2003 —< NDBC 46029 —— Stn 3 —e—Stn 2 RDI
100% -

90%

80%

70%
60% -
50%

40% -

30%

Percent Exceeding (%)

20% -

10% -

e,

0.0 0.5 1.0 15 2.0 25 3.0
Significant Wave Height (m)

Figure 16 Wave height exceedance curves for Station 1,2,and 3
and NDBC 46029 for July through September
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4.2.

Currents

4.2.1. Near Bottom Currents and Suspended Sediment  at North

Jetty

Currents at MCR north jetty are forced by a nundfer
mechanisms including tidal processes, ColumbiarRiischarge,
salinity variations, and local, regional, and globzale
meteorological processes. The semi-diurnal tidedents
dominate the current regime in this part of thea@st except
possibly during periods of high river dischargeint/and wave
driven currents also influence the flows in theaamear north jetty.
Current measurements were collected to examinpdteantial
constraints on a dredged sediment re-handling perat north
jetty and also to examine the potential sedimemtsjport regime
under existing conditions. Current measurements wellected
as near bottom measurements and velocity proflesighout the
water column at each of the three measuremenbrssadind also
by ADP mounted on a moving vessel during two swgigedidal
cycles.

Figure 17 shows current roses for time-averaged l&tom
currents measured by the ADVO at Stations 1, 2,3aoderlaid on
a base map of the MCR. The averaging intervabohelata point
is approximately 34 minutes (1 burst). The curreses indicate
that the dominant (most frequent and highest) spasglto the
east-northeast at Station 1 and Station 2, antketeast-southeast
at Station 3. Time-averaged near bed current speedly exceed
0.5 m/sec at these locations.

Figure 18 shows a short time series of hourly bavstraged water
depth and near-bottom current speed measuredtaiS2a The
measurements indicate that maximum current spesus during
a rising tide and therefore the tidal current@f-dominated at
this location. The maximum ebb-phase currenthimadrea, south
of north jetty, are generally about half the spekthe maximum
flood currents. A short duration slack occurs pigtr each high
tide and each low tide. The distinctive diurnagaoality in tidal
elevation is evident in the time series of watgrtdeand velocity.

Figure 19 shows vector plots of near bottom vejyoeith plots of
water depth, antls, for one week during the deployment. The
orientation of each vector from the origin on thaxs shows the
direction of current flow and the length of the tegds scaled
proportional to the current speed. The vector ipldicates that the
bottom current flows in a counterclockwise ellipfipath in each
tidal cycle at this location with the strongesifBoccurring

during the flood tide. Current vectors are alsaolated by
variations inHs.

20
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Figure 18 Time series of water depth and current ~ speed at Station 2 over a 3-
day period
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Figure 19 Time series of water depth, Hg, V, SSC, and velocity measurement
elevation at Station 2

Figures 20 and 21 show time series of current speade orbital
velocity, bed shear stresSSC, and height of the velocity
measurement relative to boundary through the depdoys at
Stations 2 and 3. The variations in SSC correlpf@oximately
with the variations in the maximum bed shear stdessto
combined waves and currents. SSC is correlatddheith tidal
phase and witls at this location. An increase in SSC,
particularly at the bottom OBS sensor is evidemiriy and for a
few days following, periods of high wave orbitalagties. This
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indicates enhanced re-suspension, particularlinefdediments
with low fall velocity, during periods of wave agti. Small peaks
is SSC also correspond with peak ebb flow as lovemia
approached, although the apparent tidal modulatian be related
to the tidal modulation in wave height as discusseave rather
than the variation in mean current speed with fodhelse.
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Figure 20 Time series of current speed, wave orbi  tal
elocity, bed shear stress, SSC, and height of
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velocity measurement relative to boundary at
Station 2
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Figure 21 Time series of current speed, wave orbi  tal velocity, bed shear
stress, SSC, and height of velocity measurement rel  ative to
boundary at Station 3
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4.2.2. Three-dimensional and Depth-averaged Circula tion at North
Jetty

The tidal range at MCR is 2.6 m (8.5 ft) and insaeous flow
can exceed 40,000 cms (1.5 mcfs) during the elet(litbritz et al.
2003). Between the north and south jetties thength of tidal
forcing increases relative to storm- and wave-drigerrents.
Peak ebb and flood currents inside the entrangemamly with
tidal range and river discharge. At the entracoesents are also
constrained by bathymetry and the presence of jbtees.

Three-dimensional views of synchronous currentoreicansects
in the area between jetty A, north jetty, and theigation channel
during various phases of a spring tidal cycle (B2ALigust 2003)
are shown in Figures 22 through 29. Correspondiags of
depth-averaged current vectors are shown in FiggGeakrough
37. Peak ebb and peak flood currents reach 2 &cndepth-
averaged speeds of 1.0 m/sec) and flow essenpatbilel with
the navigation channel (Figures 23, 28, 31, and 36k ebb
current continues to flow at speeds up to 1.0 mgseallel to north
jetty for up to an hour following low tide (Figug2). A
recirculation gyre with counter flows of up to Grbsec occurs in
the northeast corner of the measurement area betletty A,
Cape Disappointment, and the north jetty from pefatk through
low water (Figures 22, 28, 29, 30, 36, and 37).th&sflood
develops, the general flow is eastward and soutlhes#seen north
jetty and cape disappointment. Jetty A constriirglood
causing it to turn southward and accelerate ardh@dp of jetty A
where depth-averaged flows exceed 1.0 m/sec in thare30 m
of water (Figures 23, 24, 31, and 32). Later mftbod, currents
in the northeast corner near Cape Disappointmaoksh and a
weak westward counter-flow develops (Figures 24325 and
33). During late flood and early ebb, flows witiB0 m north of
the navigation channel continue to flow eastwatd the entrance
while the westward counter-flow along the jettiesl mear the
Cape accelerates (Figures 25, 26, 27, 33, 34,8nd A
distinctive counterclockwise gyre is evident edghe tip of the
north jetty during the late flood-to-high tide tsiion (Figures 25
and 33). At high slack a weak counterclockwisafexists in the
entire project area (Figures 26 and 34). As thedsvelops, the
westward counter-flow diminishes and is replaceaigastward
recirculation in the northeast corner between Naetty and Cape
Disappointment (Figures 27, 28, 35, and 36). Daptirage flows
on ebb and flood typically accelerate with distafioen the jetty
reaching peak flow speeds at distances more tham4fsom the
structures.
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Figures 22 through 37 illustrate that the majotuess of the north
jetty circulation are reasonably well describedHsy depth-
averaged vectors. Figures 38 through 41 depictehical and
horizontal variations in the speed and directiothefcurrent along
several transects during various stages of the #ideomplete set
of ADP transect cross-sections is included in AglveB. During
peak flood (Figure 38), the maximum flow speedated several
meters below the surface, possibly indicating ttes@nce of a
surface current influenced by wind or the presexi@lower
density fresh water layer flowing in oppositionthe saline flood
current. In contrast the peak ebb current (Figieis non-
stratified in the vertical dimension and also umidhorizontally in
terms of direction of flow. A relatively complexestical structure
in the flow can also occur, particularly during tate ebb and late
flood stages. Figure 39 shows a view looking e&stirrent speed
and direction profiles along ADP transect 25 (ledabetween the
north jetty and navigation channel on the west@dorth Jetty
Disposal Site) during the transition from late fioo high tide.
The cross-section indicates a core of higher vsidlmw near the
bottom starting approximately 600 m from the jeftythe edge of
the channel. The faster, eastward-flowing bottoatewrepresents
higher density saline flow while the surface flasiowed by the
presence of freshwater with a tendency to flow sedwIn the

late ebb (Figure 33), there is a weak eastward ln&tom flow
within 100 m of the jetty while flow at the surfaisestrongly
westward at distances greater than 450 m frometitye |
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Figure 22 Three-dimensional projection of the nor  th jetty area with
synchronous transects of three-dimensional velocity vectors at low
tide on 13 August 2003
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Figure 23 Three-dimensional projection of the nor  th jetty area with
synchronous transects of three-dimensional velocity vectors during
mid flood on 13 August 2003

28 2003 Field Monitoring Report



10 LATE FLOOD

Surface Elevation, ft

'2 T T T T T 1
4:48 7:12 9:36 12:00 14:24 16:48 19:12

Time

Figure 24 Three-dimensional projection of the north jetty area with
synchronous transects of three-dimensional velocity vectors during
late flood on 13 August 2003
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Figure 24 Three-dimensional projection of the north jetty area with
synchronous transects of three-dimensional velocity vectors during
late flood to high tide on 13 August 2003
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Figure 26 Three-dimensional projection of the north jetty area with
synchronous transects of three-dimensional velocity vectors during
high tide slack on 12 August 2003
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transect 3 between the north jetty and navigationc ~ hannel on 13
August 2003 during peak flood
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Figure 39 View looking east of current speed and d irection profiles along ADP
transect 25 between the north jetty and navigation channel on the

west end of North Jetty Disposal Site on 13 August 2003 during later

flood to high tide.
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Summary of Findings

5. Summary of Main Findings

Field measurements of waves, currents and sedimagrsport were collected in
the area south of north jetty and west of Capepgpsmtment at MCR during the
summer dredging season in 2003. The measuremengsagquired to assist the
evaluation of potential constraints and impactprotesses on various dredge and
sediment re-handling operations in the area, aagdtential for disruption of

tidal hydraulics and sediment dynamics, a dredgearelling operation. The
measurements also provide data to verify waveeatirand sediment transport
numerical models, thereby advancing their valumals to aid in evaluation of
alternatives.

Analysis of the field measurements collected in280pport the following
conclusions:

» OffshoreHs during the summer dredging window is less tharmmi fhore
than 50 percent of the time.

* The north jetty significantly shelters the areatkaf north jetty from
ocean waves which predominately arrive from noftivest during the
summer dredging seasonHs has exceeded 1 m less than 5 percent of the
time within 500 m south of the north jetty and léssn 50 percent of the
time within approximately 1500 m of the north jeittyeach of the last 3
summer field measurement programs (2000, 200226648).

* Measurements dfis, Tp, andDIR in the three summer field programs
provide a good representation of the wave climattéife project area
relative to longer-term measurements for the region

* During non-storm interval${s in the project area increases during the
falling tide (ebb currents and decreasing watetlgagaching a
maximum just prior to low tide and decreases oisiag tide (flood
currents and increasing depth) reaching a minimuapproximately high
tide. Ebb currents and decreasing water depthfaliireg tide cause
increased wave shoaling while flood currents ardeiasing depth reduce
shoaling on a rising tide.

» Between the north and south jetties, the strenigtidal forcing increases
relative to storm- and wave-driven currents, thowglve orbital velocities
may dominate the near bottom velocity field at mosations in the area
south of north jetty, particularly at low water anigh water slack.

» Current patterns in the project area are compléx the presence of
horizontal eddies (gyres) and evidence of verstatification at times
during the tidal cycle. However, major featureshaf circulation are well
described by depth-averaging.

» The weakest currents consistently occur in theneast corner of the
project area within 500 to 750 m radius of the @asterminus of the
north jetty and Cape Disappointment. Time- andld@peraged current
speeds rarely exceed 0.5 m/sec in this area. irRdation gyres with
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Summary of Main Findings

opposing spin occur in this area during ebb anotifjphases of spring
tidal cycles.

Re-suspension of bottom sediment in the projea msrenostly controlled
by shear stress induced by wave orbital motionsbaoed with tidal
currents near the seabed. Suspended sedimennt@tions are
generally low (< 1-2 g/l) except when significamtedl (Hs >1 m) is
present.
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APPENDIX A

High resolution three-dimensional projection of
digital elevation model (DEM) of the Mount of

Columbia River based on bathymetry surveys
obtained in 2003






Appendix A

Figure A-1  Three-dimensional projection of digital elevation model for the
Mouth of Columbia River constructed from a 100-ftr  ectilinear grid
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Figure A-2  Three-dimensional projection of digital elevation model for the
Mouth of Columbia River constructed from a 25-ftre  ctilinear grid
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ADP Transect Cross-sections



